Although there are now several bibliographic databases of research publications, such as Google Scholar, Pubmed, Scopus, and the Web of Science (WoS), and some also include counts of citations, there is at present no similarly comprehensive database of the rapidly growing number of clinical practice guidelines (CPGs), with their references, which sometimes number in the hundreds. CPGs have been shown to be useful for the evaluation of clinical (as opposed to basic) biomedical research, which often suffers from relatively low counts of citations in the serial literature. The objectives were to introduce a new citation database, clinical impact ® , and demonstrate how it can be used to evaluate research impact of clinical research publications by exploring the characteristics of CPG citations of two sets of papers, as well as show temporal variation of clinical impact ® and the WoS. The paper includes the methodology used to retain the data and also the rationale adopted to achieve data quality. The analysis showed that although CPGs tend preferentially to cite papers from their own country, this is not always the case. It also showed that cited papers tend to have a more clinical research level than uncited papers. An analysis of diachronous citations in both clinical impact ® and the WoS showed that although the WoS citations showed a decreasing trend after a peak at 2-3 years after publication, this was less clear for CPG citations and a longer timescale would be needed to evaluate their impact on these documents.
Introduction
The use of counts of citations to research papers has been a standard method for research evaluation for many years (Kostoff 1998; Ingwersen et al. 2000; Leydesdorff 2008; Moed 2009 ). Their use was made practicable by the creation of the Science contract to map European research outputs and impacts in five non-communicable diseases (NCDs). These were cardiovascular disease and stroke (CARDI), diabetes (DIABE), mental disorders (MENTH), cancer (ONCOL), and respiratory diseases (RESPI). year, 1997-2018 The references in continental European CPGs, most of which are unsurprisingly from the same subject areas as the guidelines themselves, similarly form a good sample of European research outputs-and also those of other countries, notably the USA (Begum et al. 2016; Pallari et al. 2018a, b) .
Early work (Grant 1999; Grant et al. 2000) and by Lewison and colleagues (Lewison and Wilcox-Jay 2003; Lewison 2007; Lewison and Sullivan 2008; Pallari et al. 2018a, b) has shown conclusively that the references are, on average, very clinical; they are heavily cited by CPGs from their own country; they are not particularly recent, although this varies a lot by country; and the individual papers are often highly cited by other papers (in the WoS or Scopus).
Because of the second point, which also pertains to biomedical research papers overall (Bakare and Lewison 2017) , evaluation of a set of papers with our new database can serve two distinct purposes: the influence of the selected papers on the national health care provision, and the influence internationally on other health care systems.
Which of these two is more important will depend on the mission statement of the funding body, or of the research performer.
In this paper, we describe the methodology used to create the clinical impact ® database that allows us to compile a large set of references in CPGs (more than 1,120,000 processed references, of which 450,000 are used in this paper based on their classification as Included references) in a quick and accurate manner, and then how we match these to one set of papers published by a hospital in Scotland, and to another set of papers acknowledging the support of a Swedish collecting medical research charity. The latter papers are from the 10 years of 2009-2018, but the Scottish hospital papers are from three individual years, 2000, 2004 and 2008 . We will try to identify differences between papers that are cited in CPGs and those that are not, in regard to nationality and Research Level (RL) of the papers. We will also explore the temporal variation of CPG citations and academic citations by looking at the diachronous distribution of citations. The numbers of CPGs from the different countries consist, at the time of this study, of 10,058 CPGs from 28 different countries and international organisations.
Methodology
CPGs processed in the clinical impact ® database are documents created with the intention to provide guidance to health care practitioners, created by established guideline providers, published electronically online, and containing references to published research. Since CPGs often differ in format, uniform concepts have been established to manage CPGs and the references in the clinical impact ® database.
• Guideline document A single CPG, often composed of several files. The additional files may be supplements or appendices. • Guideline provider An organisation that provides a number of CPGs on their web page.
• Guideline provider collection A number of CPGs of the same type found on a Guideline Provider's web page. A Guideline Provider may have several Guideline collections on their pages, e.g. National Practice Guidelines, Screening programs, Health Technology Assessments (HTAs), Enquiry services, or Advice. All Guideline collections are updated annually.
• Originator The organisation, or organisations in a collaboration, that developed a specific CPG. The Originator and Guideline provider are often, but not always, the same organisation.
Processing of the CPGs to create the citation database
The clinical impact ® database was created using Minso Solutions Ref Extractor tool, a proprietary software for identifying references in documents and create citation databases. The data collection process starts by identifying and entering metadata for a Guideline provider collection into the ref extractor tool. metadata added to guidelines provider collections are the providing organisation, its URL, nationality and organization type-Governmental or Non-governmental. The files are grouped and further metadata are added such as guideline provider collection, title, originator, language, date of publication, number of pages, identifiers (DOI or ISBN), and, if applicable, a successor or predecessor tag. Successor and predecessor state the relation between new editions and revisions of individual CPGs, which sometimes take place annually, with similar sets of references. In CPGs that use systematic reviews to assess evidence, the references are usually split into several lists. The references are classified in the clinical impact ® database as either Included references, Excluded references, or Additional references, based on the type of reference list. Included references are the research papers that provide the body of evidence underpinning the recommendations in the CPGs. Excluded references have methodological flaws or other characteristics causing the authors of the CPG to deem them irrelevant or regard them as insufficient and not reliable as evidence. Additional references are those to which the CPG reader is referred for further information, sometimes even listing literature recommended for patients. Note that only the Included references are used for analysis in this paper. In CPGs with only one general reference list, excluded and additional references are generally left out by the CPG authors, and therefore all references in those CPGs are classified as Included references. Extracted references are matched against external bibliographic databases for verification and retrieval of publication identifiers such as DOI, PMID, and UT Accession Number. Excluded references and "junk"-strings of characters that resemble references picked up by the extraction process, are not matched to external databases. This classification is likely very important to take into consideration when studies of papers cited in CPGs are being conducted, since the included, excluded, and additional references each account for nearly a third each of all references in the CPGs, but only the included references form the evidence base for the recommendations. The distribution of included, excluded, and additional references in clinical impact ® may however change as more CPGs are processed. Certain papers are decidedly more cited in CPGs than others, and these tend to be papers on methodology for systematic literature reviews and evidence grading. In fact, among the top 20 cited papers in CPGs, the first clinical research paper appears at number 19, see Table 1 . The external identifiers (DOI, PMID) allow the references extracted from the CPGs to be matched to sets of papers obtained by other means in databases such as Scopus and the WoS. These databases contain more descriptive parameters than Medline, and so papers with particular characteristics resulting from a search in one of these databases can then be matched to the clinical impact ® database.
At KCL, the processing procedure was somewhat different. The references on the PDF versions of the CPGs were either pasted directly into MS Excel, or into MS Word, where they could be individually numbered (if necessary) and put on a single line of text. References not in journals were removed. They were then copied and pasted into MS Excel, and separated into components: authors, title, and publication year. The words in the titles were separated with hyphens rather than spaces. Individual search statements were then created, assembled into groups of 20, and then run against the WoS so as to identify these references, whose details were then downloaded into text files. These were converted into MS Excel files by means of a macro (Visual Basic Application program) written by Philip Roe of Evaluametrics Ltd. The spreadsheet included the DOI and PMID for each reference, if available, for matching to the corresponding values for any research papers whose CPG citations were sought.
An example of the use of the new database for research evaluation
In order to illustrate the use of the new database for research evaluation, we provide two worked examples of the information that can be provided for a research performer, namely a Scottish hospital, and for a research funder, namely a Swedish collecting charity. The time periods of the research papers attributable to each differ in these illustrative examples. In practice, we would identify all "their" papers over a fairly long and continuous period, perhaps the previous 10 or 15 years. The relevant papers would be sought in the WoS, and their DOIs and PMIDs would be listed, as well as all other bibliometric parameters, so that an analysis could be made of those that led to more CPG citations, and the information used for management purposes.
The identification of papers from a Scottish hospital, and their classification
Identification of the Scottish hospital papers is a comparatively simple task, and the main hospital name is used in the WoS address field, but with the restriction that the address must also be in Scotland (there is another clinic with the same name in Sri Lanka). The bibliographic data from the identified papers are then downloaded as a series of text files, with full bibliographic data (author names, title, source, document type, addresses, month and year of publication, and funding information). However, the only identifiers needed for cross-matching are the DOI and PMID codes. A few of the WoS papers do not have either of these codes; for these a match can be made on the title. Papers were collected for three publication years, 2000, 2004, and 2008 . We use a series of macros that allow the papers in the list to be characterised by a number of parameters. One classifies them by their research level (RL, on a scale from clinical observation = 1.0 to basic research = 4.0) based both on the words in their titles (Lewison and Paraje 2004) and the journals in which they have been published. A second macro analyses the addresses on the paper, and allocates fractional scores to each country represented, based on their presence. (For example, a paper with two Scottish addresses and one from Sweden would be classed as UK 0.67, SE 0.33.) Other macros parse the titles and journal names to classify papers within a major disease area, such as cancer, by their disease manifestation (e.g., breast cancer, leukaemia) and research domain or type (e.g., genetics, surgery). These classifications can assist a client to see any significant differences between papers cited in CPGs and those that are not.
The identification of papers from a Swedish collecting charity
Identification of the papers from the Swedish collecting charity is more challenging than the papers from the Scottish hospital. Although the WoS has recorded financial acknowledgements since late 2008 in the Science Citation Index Expanded (Sirtes 2013; Begum and Lewison 2017; Alvarez-Bornstein et al. 2017) , their recording in papers in the Social Sciences Citation Index only began in 2013. However, these are likely to have less influence on CPGs which tend to deal with the technical aspects of diagnosing and treating disease. The funding organisations are listed in a column headed FU, but there are two problems. One is that some funders have not supported the research being described, but have paid for other work by the authors. These acknowledgements need to be removed (Lewison and Sullivan 2015) . The second problem is that the names of the funders are given in a large variety of different formats-in the case of the European Commission, several thousand. We therefore adopted the practice, starting in 1993, to give each funder a three part code (Jeschin et al. 1995; Dawson et al. 1998 ). An example is MRC-GA-UK, where MRC uniquely identifies the UK Medical Research Council, GA that it is a Government Agency (and so independent of ministerial control), and UK the country. This process of coding funders has turned out to be rather complex (Begum and Lewison 2017) , but for any given funder our thesaurus (which now contains upwards of 150,000 different names) can show the various formats in which researchers have described it.
We are then able to assemble a search strategy that includes the various formats in which any given funder has been described, often in two different languages, and with various similar terms, such as "association", "foundation", "fund" or "group", with and without the country name. This can then be applied to the WoS for the relevant years in order to identify the papers funded by the organisation. For collecting charities, which may have their own institutes or laboratories, we may also need to seek papers that have an address indicative of their support. For example, in the UK the large charity, Cancer Research UK, has labs in Glasgow (the Beatson Institute), Manchester (formerly the Paterson, since 2013 the Manchester Institute) and Therapeutic Discovery Laboratories in Babraham, Cambridge and London. Papers from these laboratories might, or might not, also have acknowledgements of support from Cancer Research UK.
Papers from the Swedish charity were identified and downloaded to file for the ten publication years, 2009-18. In total, they were more numerous than the papers from the Scottish hospital, and almost all of them were on one disease area, in which the charity specialised.
Diachronous citations
We took the opportunity afforded by the large numbers of citations in the clinical impact ® database to explore the temporal variation of these two types of citations, viz. here and in the WoS. Diachronous citations are ones given subsequently to a cohort of papers published in a given calendar year. In principle, the number of these grows steadily with time, although in practice the fall-off in the number of citations with time in the WoS may allow an estimate of the total to be expected.
We took the three cohorts of papers from all Scottish hospitals in 2000, 2004 and 2008 in order to compare the temporal distributions of diachronous citations to them both by WoS papers and from the clinical impact ® database. These comparisons were designed to show how the time distributions of references in the WoS and the clinical impact ® database compared, and hence how long it would take for a given set of papers to be fairly evaluated on the basis of its footprint in the clinical impact ® database. These three sets of papers were studied purely to show the temporal variation in the numbers 1 3 of diachronous citations that they could expect to receive, and so how long it would take for any other samples of research output to be fairly evaluated.
Results

Which papers were cited in clinical practice guidelines?
We generated two sets of papers, one from the Scottish hospital, and the second from the Swedish charity. In the 3 years, 2000, 2004 and 2008, there were 972 articles and reviews in the WoS from the hospital, and in the 10 years 2009-18, there were 1595 papers from the Swedish charity. Nearly all of them had PMIDs (946 and 1575 respectively), and of the remainder, most had DOIs (18 and 19) . These identifiers were all matched against the clinical impact ® database, and matches were found for 59 papers (146 total citations), and 34 papers (58 citations), respectively. Relative to the numbers of citable papers (with PMIDs), the percentages of cited ones were 6.1% and 2.2%, respectively. Two of the Scottish hospital papers were frequently cited in CPGs: one in 20 and another in 18 CPGs.
Because most countries' CPGs tend to over-cite papers from their fellow countrymen and countrywomen, it might be expected that most of the citations of these papers on CPGs would be from NICE and SIGN guidelines, and from Swedish ones, respectively. However, this was not the case. The Scottish individual hospital papers received 38 (26%) of their citations from the UK (25 from NICE and 13 from SIGN CPGs), but also many from Sweden (46), the US and Norway (18 from each). The Swedish charity papers received 30 of their citations (52%) from Swedish CPGs, with 9 each from Finland and from the UK.
Differences between cited and uncited papers from the Scottish hospital
The main difference was that the papers cited in CPGs were much more clinical than the uncited ones. The 49 cited papers had a mean research level, RL p, of 1.07 and the 703 uncited papers have RL p = 1.98. This difference of 0.91 is large, and the difference between the numbers of clinical, basic, and "both" papers between the two groups is statistically significant with p ~ 0.23% (based on the Chi squared value from the Poisson distribution with three degrees of freedom). The cited papers were less international, with an average non-UK contribution of 0.095 per paper, compared with 0.142 for the uncited ones. The US contribution per paper was much greater on the latter set (0.035 for the uncited papers compared with 0.009 for the cited ones).
Papers that were classed as "clinical trials", because their titles contained words such as controlled trial, placebo-controlled, randomised, randomized, or phase I, II, or III, or phase 1, 2, or 3, were much more likely to be cited in CPGs. Of the 29 clinical trials papers, 10 were cited in CPGs (20.4%), whereas of the 870 other papers only 19 were so cited (2.2%). This is statistically significant with p < 0.001.
There were not enough CPG citations on papers from the Swedish charity to make a comparison between the ones cited by CPGs in the clinical impact ® database, and the uncited ones, worthwhile.
Diachronous citations
Our selections of papers from the Scottish hospitals and infirmaries in 2000, 2004 and 2008 and in the WoS numbered 1893, 1894 and 1841 respectively. The annual number of diachronous citations in the CPGs processed for the clinical impact ® database are shown in Fig. 4 , and those in the WoS in Fig. 5 for the years after paper publication. The numbers of citations are, of course, much higher in Fig. 5 . The WoS citation curves show a clear peak between years 2 and 3, and a gradual decline thereafter, but the CPG curves are much less smooth, and show a peak citation year about 5 years after publication. It is therefore difficult to gauge when the numbers of CPG citations should be determined as a means to evaluate the importance of the research, but a rather wider citation window seems to be indicated. 
Discussion
For the two sets of papers the number of citations in CPGs can appear quite low, but it is in the nature of CPG citations that they are few compared to citations in academic journals. In order to fully capture the impact on CPGs a longer citation window is most likely required. For the papers from the Scottish hospital there was an exception to the previous observation based on the WoS that papers are more cited in their local CPGs. It is likely that this is an artefact from the difference in number of guidelines, and therefore the number of possible citations, between the different countries. It is also true that different guidelines are updated in different ways and in different time intervals, which manifested in one of the highly cited papers from the Scottish hospital. Most of the highest cited papers from the Scottish hospital were in oncology, and were cited in several Guideline Provider Collections, but one of the most highly cited papers stood out. The highly cited paper was cited in a CPG that is updated almost yearly, with a new edition each time. The paper therefore got repeated citations by being cited in a frequently updated CPG. In the clinical impact ® database this is made visible because the CPGs are marked with the successor-predecessor relation, and no manual review of the guideline texts was necessary. The marking of the CPGs is particularly useful for the detection of successor-predecessor relationships in CPGs in languages with which the reader is not familiar. In future studies this would be possible to manage with clinical impact ® by selecting a timeframe in which different editions of the same CPGs published within the timeframe have their citations counted once. This would even out the differences in citation numbers that arise from differences in CPG updating frequencies between different CPG publishers.
Papers with a low RL tend to be more cited in CPGs than papers with a higher RL. This difference in citation scores is likely a deliberate result of the search strategies used by the authors of the CPGs, based on their clinical nature. Since papers with a low RL tend to be less cited than basic research in classic bibliometric studies based on academic citations, study of the CPG citations could provide valuable insight on the application and benefit of clinical research, and in particular which research types or domains are having a measurable effect on patient care.
In terms of evaluation, the data can be used to measure impact quantitatively on an organisational level, to report output impact on a research project or funding program, or to identify papers highly cited in CPGs for research impact case studies. The clinical impact ® data could also be a tool for pharmaceutical companies, contract research organisations, and medical technology companies to track research on their products and services and their impact on Guidelines and recommendations on an international scale. Since these citations have not previously been collated into a searchable database, research performers and funders have been missing valuable information about the impact of clinical research papers, and the clinical impact ® database is therefore a major advance in the bibliometrics of research evaluation.
The study has some limitations. At present the clinical impact ® database is necessarily incomplete as it does not yet cover all countries that publish CPGs, which are increasing rapidly in number. As a result the clinical impact ® database could at the time of this study not be used to examine the impact of the analyzed data sets on CPGs from countries outwith Europe and north America. Second, some of the CPG references are to documents other than articles and reviews in journals, and these may be research outputs that the database cannot evaluate. And third, it is clear that it may take many years for the clinical impact of research papers on CPGs to become evident, whereas a citation window of (say) 5 years is normally long enough to gauge citation impact in the WoS.
The production of papers from the two organisations in this study will continue, and the existing sets of papers we analyzed will continue to garner citations as more CPGs are processed in clinical impact ® . As CPGs from more countries are processed, and new matching processes for research output outside journal articles are developed, a follow-up study could examine and address some of the limitations of this study.
